Recently, heat pump system using solar and ground heat has been attracted according to an increase of interest on the renewable energy and the energy-saving technologies in building. However, it is still difficult to predict the performance of the systems, because the characteristic of heat exchange in each system is complicated and depends on various design factors. This paper describes the summary of the solar-ground heat pump systems which are designed for floor heating. And these systems were analyzed and compared in various operation patterns by using a simulation tool, TRNSYS 17. As the result, the system which properly used a thermal storage showed better performance than the other systems.
Introduction
The research of the heat pump system using solar and geothermal heat which called solar-geothermal source heat pump system has been growing according to the increasing interest in the reduction of building energy consumption and CO2 emission. Different form the traditional air source heat pump systems, these kinds of systems can achieve more energy-saving by utilizing more efficient heat source. However, the performance of the system has the limitation of efficiency due to its dependence on the condition of local climate, geology, system composition, etc. In order to achieve more efficient performance, it is necessary to develop a heat pump system which adopts various heat sources and optimizes them. K.Miyauchi et al. [1, 2] developed multi-source and multi-use heat pump (MMHP) system, which utilize air, ground and solar heat sources in heating, cooling and hot water, and estimated the system performance by experimental analysis. Furthermore, superiority of the solar-assisted ground source heat pump system has been confirmed by a parameter study with exergetic modeling [3] . W.B.Yang et al. [4] also calculated the performance of a solarground source heat pump system on the condition of various design and operation by numerical simulation.
In this research, a floor heating system using solar and ground heat sources has been developed in order to achieve greater energy-saving and utilize various heat sources optimally in a building. In this paper, the simulation models were established by the dynamic energy simulation code (TRNSYS17), and the performance analysis of the developed system was conducted by the case study.
Research Method

System Summary
In this study, four types of the system configurations were considered in order to estimate the system performance in various conditions. System 1 has solar heat collector and ground heat exchanger as the equipment of heat source, which are linked by water-loop piping. More effective heat source is selected by a control valve considering with temperature of heat sources and the circulation water of the selected heat source is supplied to the heat pump. In order to reduce the consumption of system 1, another operation mode was used in system 1-1. In this system, the temperature of the solar source water which is over 60℃ will be used directly for floor heating. This operation strategy can reduce operating time of the heat pump. So the energy consumption of system can be reduced. Moreover, a thermal storage tank can be additionally used (system 2, system 3) depending on the conditions such as the operation schedule, heat exchange rate, temperature level, etc. In system 2, when the temperature of the solar source is higher than 60℃, the energy of solar source will be stored in storage tank, and then the more effective heat source from storage tank and ground will be selected as the source water of the heat pump. And in system 3, when average temperature of the storage tank is lower than 60℃, the source water of storage tank will be reheat by heat pump which uses ground source.
Simulation Summary and Condition
In order to conduct the parameter analysis, simulation model was developed with TRNSYS17. It mainly composed of solar heat collecting model (Type 565), ground heat exchanger model (Type 557a), a heat pump model (Type 668), multi-zone model (Type 56) and equations. Through the equation, source water with higher temperature between the outlet of solar collector (T sol ) and ground heat exchanger (T geo ) was adopted as the heat source for heat pump. When the indoor temperature is above 22℃, the operation of system goes out, on the other hands, indoor temperature is below 22℃, the operation goes on. Weather condition in the simulation used the meteonorm data of Seoul in Korea. Table 1 and Table 2 show the simulation condition of building model and system equipment. As shown in Table 1 
Simulation Result and Discussion
When systems operated in night time, average temperature of solar heat source in system 1 was 0℃. It means that heat pump only use ground source to heat the working fluid for floor heating. Therefore, average temperature of ground heat source in system 1 is much lower than others. Fig. 1 shows the calculation results of system COP with different operation schedule. As shown in Fig. 5 , because of the different heating load of three operation schedules, systems got different COP. However, the difference of COP was not great. On the other hand, it can be seen that COP of system 2 and system 3 which worked with a storage tank was higher than the COP of system 1. Especially, system 3 got the best performance according to the least power consumption. 
Conclusion
In this paper, the authors suggested 4 types of solar-ground heat pump system for floor heating. And these systems were analyzed and compared in difficult heating operation pattern by the simulation tool TRNSYS 17.
